Antigens associated with the surface of merozoites of the malaria parasite Plasmodium falciparum are directly accessible to immune attack and therefore are prime vaccine candidates. We have previously shown that one of the two known merozoite surface antigens (merozoite surface antigen 2; MSA-2) exhibits considerable sequence and antigenic diversity in different isolates. The sequences of MSA-2 from three isolates revealed a central domain composed of repeats that vary in number, length, and sequence, flanked in turn by nonrepetitive variable sequences and by conserved Nand C-terminal domains. We report here the sequences of a further four MSA-2 alleles, containing repetitive sequences that are related but not identical to each other. The seven alleles of MSA-2 can be divided into two distinct allele families on the basis of nonrepetitive sequences. Hybridization studies with repeat probes indicated that all of the 44 P. falciparum isolates examined contained repeat regions similar to those dermed in known MSA-2 sequences.
Two well-defined integral membrane proteins are associated with the surface of Plasmodium falciparum merozoitesnamely, merozoite surface antigen 1 (MSA-1), previously referred to as P195, gp185, PSA, or PMMSA (1), and merozoite surface antigen 2 (MSA-2) (2) (3) (4) (5) (6) . MSA-1 is a glycoprotein of Mr 195, 000 that is processed at the time of schizont rupture to generate several smaller polypeptides on the mature merozoite surface (1) . MSA-2 is a smaller polypeptide of Mr -'45,000 that is not processed during parasite maturation but, like MSA-1, appears to be anchored in the merozoite membrane by a glycosylphosphatidylinositol moiety (2) . There are many antigenically diverse forms of MSA-1 and MSA-2 (1-9). Much of the diversity in MSA-1 has arisen from limited intragenic recombination between dimorphic alleles (7) (8) (9) . Repetitive sequences, antigenically prominent in many P. falciparum proteins (10) , are only a minor structural feature of MSA-1.
Studies of the genes from three isolates ofP.falciparum (2, 3) revealed that MSA-2 contains highly conserved and variable sequences and that repetitive sequences form a major component of each allele. The MSA-2 ofisolate FCQ27/PNG (FC27) contains two copies of a 32-amino acid repeat, whereas the MSA-2 of Indochina 1 (IC1) and 3D7 contain multiple copies of a 4-amino acid sequence with no apparent relationship to the FC27 repeat. The sequences immediately flanking the repeats are also variant among these three alleles but are flanked by highly conserved N-and C-terminal domains that are considerably longer than the signal and anchor sequences. Oligonucleotide probes corresponding to sequences within the 4-and 32-amino acid repeats of MSA-2 hybridized with genomic DNA from 12 of 15 parasite isolates tested (3) . This suggested that some isolates of P. falciparum express a form of MSA-2 with yet other types of repeat sequences.
We have now determined the sequences of four additional MSA-2 alleles from isolates IMR143, MAD71, K1, and Nigeria 32 (NIG32). ¶ The new alleles contain repetitive sequences related but not identical to the previously reported MSA-2 sequences. The seven alleles of MSA-2 we have now sequenced can be divided into two distinct allele families on the basis of the nonrepetitive variable sequences. Each of these allele families has characteristic repeat types, one or more of which reacted with all of 44 field and cultured P. falciparum isolates examined by dot-blot hybridization.
MATERIALS AND METHODS
Parasites. The KF P. falciparum isolates were obtained from children aged 2-13 years presenting with acute symptoms of malaria in Madang, Papua New Guinea (11) . The origins of all other isolates have been reported elsewhere (12, 13) . Primary isolates were cultured as described (3) and DNA was prepared from asynchronously cultured parasites (3) .
Polymerase Chain Reaction (PCR) and Sequencing. Oligonucleotides used as primers for the PCR (14) Of the six isolates in addition to IMR143 and MAD71 that failed to hybridize with probes for the 4-or 32-amino acid repeats all, except NIG32, hybridized with a probe for the 8-amino acid repeat found in IMR143 and MAD71 ( Table 1) . The gene sequence for the NIG32 MSA-2 predicts a protein containing multiple copies of related 4-and 8-amino acid repeat sequences that are different from the IMR143/MAD71 and previously described MSA-2 repeats. The NIG32 repeat sequences, commencing at base 157, encode four tandem copies of the 8-amino acid sequence GAVASAGN (encoded by the sequence GGT GCT GTT GCT AGT GCT GGT AAT) followed by 15 copies of the 4-amino acid sequence GAGN (encoded by the sequence GGT GCT GGT AAT), then two more copies of the 8-amino acid repeat GAVASAGN separated by GAGN, and finally the sequence GAVA, which is half of the 8-amino acid repeat.
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DISCUSSION
Although some of the diversity in P. falciparum results from point mutations leading to gene products of different antigenicity, two other genetic mechanisms contribute to antigenic diversity in P. falciparum by causing major pnimary structural changes in allelic gene products. First, many antigens of P. falciparum contain internal segments that consist of short tandemly repeated sequences, which are the major antibody binding sites (10) . A variable antigen with this general structure is the S antigen, which is encoded by a single copy gene in the hap'loid genome of the parasite. S-antigen genes occur as a series of very different but apparently stable alleles coexisting in parasite populations worldwide. In different isolates of P. falciparum the, central block of repeats found in S antigens varies quite dramatically in sequence, length, and number of repeats and also in reading frame, resulting in marked differences in antigenicity (12, (15) (16) (17) . Similar repeat variation is seen in the circumsporozoite proteins of different malaria species (18) (19) (20) .
The second major form of variation is that seen in the MSA-1 gene. Intragenic recombination between two very different alleles can explain the patterns of variation seen in MSA-1 (1, 7, 9) . This could only happen during the diploid phase of the sexual cycle. At the same time Mendelian segregation of the chromosomes into the haploid progeny has the potential to continuously reassort the products of diversity generated by any mechanism.
The' diversity in MSA-2 described here most closely resembles that of the S antigens as the gene contains an internal variable repetitive segment with relatively conserved regions at either end of the gene. But despite this superficial similarity there are important differences. It is now clear that the S-antigen flanking sequences in different isolates of P. falciparum are far more divergent than other P. falciparum genes (18) . Like these latter genes, the 5' (43 amino acids) and 3' (74 amino acids) coding regions of MSA-2 are very conserved with only a single base substitution among the seven alleles we have sequenced. In contrast, the 5' and 3' coding regions of the 5 S-antigen genes sequenced fall into three families, which at the nucleotide level vary by -20% (16, 17 ICl/3D7 -I-I repeat sequences and 3' flanking sequences has been noted with S antigens. Further, similarities have also been noted with the human minisatellite MS2, an internally repetitive sequence in which alterations were clustered at the 3' end (22) . The mechanism of gene conversion invoked (20) 
